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ABSTRACT

REFERENCE: Nordlin, E. F., Stoker, J. R.,.and Doty, R. N., "Dynamic.
Tests of an Energy Absorbing Barrler Employing Sand- Filled Frangible
Plastic Barrels', State of California, Department of Publlic Works,
Division of Highways, Materials and Research . Department Research
Report 636405-4,

ABSTRACT: The results of three full scale vehicle fmpact tests Into.
energy absorbing barriers employing sand-filled frangible plastic
barrels are reported, The barriers were designed for placement in
front of fixed objects located in freeway gores.

The test barriers were composed of an array of 15 to 17 frangible
plastic cylinders, 36 inches in diameter by 30 and 36 inches high,
containing sand in amounts varying from 200 lbs. in.the nose barrels
to 2100 Ibs. In the rearmost barrels. Except for the 2100 b,
barrels, which were filled with sand, all the barrels contained foam
plastic cores to support the sand at or above the center of gravity
of most passenger vehicles., The barriers were 21' and 25' long and
tapered from a 3' width at the nose to a 9' width at the rear,
Plastic 1tds were riveted on each barrel; the barrels were not
attached to the ground,

Sedans weighing approximately L4700 lbs. impacted the nose of the
barrier head-on and at a 15° angle. A small sedan welghing about
1900 1bs. Impacted the nose of the barrlier head-on. All vehicles
had Impact veloclities slightly less than 60 mph, The driver dummy
In each vehicle was restrained with a lap belt,

Recorded average longitudinal vehicular passenger compartment
decelerations for the highest 50 millisecond perlod ranged from

7.9 to 10,7 G's, In general, these values were considered tolerable
for lap-belted passengers and would have resulted In no more than
moderate injuries in most cases. However, the computed Gadd
Severity Index (from head deceleratlons) for the lap-belted dummy
driver in the light sedan indicated "fatal' head injuries were
Iincurred, Thus, even though collislioens with the barrier will

result in much lower deceleration values during vehicular impacts
than would occur when striking a fixed object, the chance of serious
infury is still dependent on the type of passenger restraint system
used and the impact protection provided by the interlor surfaces of
the vehicular passenger compartment. Fully restralned occcupants
(1ap belt and shoulder harness) would probably have sustained little
ar no injury,

The vehicles remained relatively stable during all three Impacts.
The 4700 1b., vehicles penetrated the barrier with low exit veloc-
lttes after sustaining moderate damage. Most of the barrels In
each test barrler were demolished during each impact.
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““The debris scatter in the lateral direction during the head=on

impact was minimal except for the lids. The angle impact into the
barrter nose caused considerable amounts of sand and broken barrels
to be thrown into the ''traveled way''.

The barrler was also judged acceptable in the areas of cost, ease of
construction and maintenance, aesthetics, simpliiclty and versatility,

and ts recommended for use in operational trial installations,

KEY WORDS: Barriers, dynamic tests, Impact tests, attenuatlon,
bumpers, cushioning, energy absorbers, kinematics, vehicle dynamics.
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. INTRODUCTION

General

During 1967 and 19368, approximately 25% of all the fatallities on

the California freeway system were caused by vehicles running off
the road and colliding with fixed objects such as bridge piers and
large sign posts. "Consequently, the California Division of Highways
now strives to provide a 30 ft. wide recovery area alongside the.
traveled way clear of fixed objects, Whenever possible, those fixed
objects that cannot be removed from this recovery area are-made .
"breakaway''. However, one problem that has defied effective solu-
tion has been that - of gore areas of freeway off-ramps whlch contain
large sign posts, bridge rail end posts, and other rigld structures.
Various types-of energy absorbing barriers have been proposed for
Iinstaltation In front of or around these fixed objects to cushion
vehicular impacts. The California Division of Highways has con- .
ducted full scale crash tests of two of these types, nameiy,
barriers incorporating water-filled plastic cells and barriers
Incorporating empty, 55 gallon steel oll drums*»*, Another proposed
solution to this problem conslsts o6f placing én array of sand-filled
frangible plastic barrels between the traveled way and the fixed
object. Three tests of this type of barrfer are reported herein,

Background

The object of the tests reported herein was to assess the effective-
ness of a barrier developed by John Fitch and manufactured by Flbco,
Incorporated, of Hartford, Connecticut. During 1967 Fitch conducted
over thirty tests of his barrier In an attempt to develop an impact
attenuator consisting of sand bags supported on various types of
material at a helght close to that of the center of gravity of a
standard vehicle. Fitch .himself drove the fest vehicle during some
of these tests at speeds of up to 60 mph, This series of tests was
supported by a few iInterested firms and’ englneerlng assistance was
provided by the New York State Department of Transportation., The
tests proved the. feasibility of using the concept of momentum
transfer from the Impacting vehicle to the sand, but the need for a
more sophisticated system for containing the sand was evident, A
weatherproof, cylindrical, plastic barrel was developed that would
provide lateral support for the sand but would shatter relatively
easily when struck by an impacting vehicle, The barrel material
developed was a high density polyethylene that was produced using

a structural foam process,

In April 1969 Fitch conducted another series of six tests. This
phase of his testing was supported by the State of Connecticut
under the aspices of a National Highway Safety Board project grant.
The tests were conducted at speeds of 4G-50 mph using vehicles
weighing 1700, 3000, 3500, and 3900 lbs, The test barriers were
14'-6" to 25'*0”'long. A live driver was used in two tests. The
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‘bafrels were placed In an open area with no fixed object behind the

barrier. 1In all the tests except those with a 1700 tb, car, the
stopping distance exceeded the barrier length. Reports of the tests
fndicated that the test vehicles were decelerated In an effective,

- stable manner; however, there was no Instrumentation to measure peak
G's on the vehicle,

Subsequent to the above tests, Fitch barriers have been installed at
locations in several states. A few collisions wlith these barriers
have been recorded with generally favorable performance.

The sand inertial barrier concept appeared promising due to its
apparent effectiveness in adequately decelerating impacting
vehicles, adaptability to varied site conditions, simplicity, and
relatively low first cost. Due to the limited number of formally
documented tests that had been conducted, a series of 60 mph tests
using Instrumented, relatively heavy and light vehicles was deemed
necessary to more accurately evaluate the barrier's effectiveness.
Also of concern was the amount of debris that would be generated as
the barrier decelerated an Impacting vehicle. The three tests
reported herein were therefore conducted to further evaluate this
barrier,

ClibPD
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Il. OBJECTIVE

The objective of this research was to conduct Iinstrumented
vehicular Impact tests of energy absorbing barriers incor-
porating sand~filled plastic contalners and, based upon the
results of these tests, determine the degree to which these
barriers would minimize the hazards created by many existing
gore separation structures and other fixed objects., The
criterfa itemized below were used to evaluate the barrier
design:

1.

www . fastio.com

The impact severlty for the occupants of errant
vehicles Involved in head-on collisions into fixed
cbJects located in gores must be reduced to a
survivable level at impact veloclties of 60 mph
and less.,

The barrier components should not be susceptible
to dislodgement or ejection onto the traveled way
when an impact occurs, such that they become a
hazard to adjacent traffic,

First cost and maintenance costs should be econom-
ically feasible.

On-site repair time should be minimal because of
the safety hazards to maintenance personnel and
adjacent traffic when fleld repairs are In progress.
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l1i. CONCLUSIONS

The results of the three full scale tests reported herein indicate
that the hazards presented by many existing gore separatfon struc-
tures and other fixed objects can be significantly reduced by
providing protectlion wlth energy absorbing barriers incorporating
sand-filled plastic barrels. ‘ :

The electtonically measured vehicular and dummy decelerations,
confirmed by analysis of the photographic data, Iindicated that
occcupants of full size vehicles (4700 1bs., including occupants)
impacting these barriers at 60 mph will, in most cases, sustain
little or no injury if wearing a lap belt and shoulder harness,
minor fnjuries 1f wearing only.a lap beilt, and moderate injuries
if unrestrained. However, occupants of smaller vehicles such as a
2000 1b, Volkswagen may sustaln serious injuries, even if restrained
by a lap belt. As this barrier will provide no significant vehicular
redirection, the latera! decelerations sustalned during collisions
_with the barrier will be minimal.

Confinement of the sand will result in a tendency for an impacting
vehicle to rise. ' Thus, the modules placed near the rear of the
barrier should not be full (eliminate the relatively ineffective
lower foot of ‘sand) and a two foot wide void should be provided
between the rear of the barrier and the face of the fixed object to
prevent accumulation of barrier debris and the associated formation
of a ramp adjacent to the fixed object,

A considerable amount of debris will be generated during a 60 mph
collision with this barrier. However, most of this debris will be
propelled straight ahead of the Impacting vehicle. Thus, this
debris will present a hazard for adjacent motorists only when high
speed, oblique angle impacts occur unless the debris Is scattered
by wind. Tieing the 1ids together and encasing the core material
will improve this debris problem somewhat,

The reported first cost of approximately 20 installations of this

_barrier in Connecticut ranged from $1500 to $3300 each®. Each
barrel! used for the test barriers cost $130, Thus, the materfal
cost for the test barriers was approximately $2000 as the test
barrfers contained 15 and 17 medulies each. Although little or no
routine matntenance should be required, even relatively mild impacts
will almost always require replacement of at least several barrels,
However, the simplicity of the barrier's construction will -permit
minima)l on-site repair time after the debris removal operations are
complete. -

ClibPDFE - wwiv fastio.com
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IV. TEST PROCEDURE

Test Site -

A1l three tests were conducted on a section of runway at the Lincoln
Municipal Afrport located near Lincoln, California.

Test Vehicles

The full size vehicles used were 1968 Dodge sedans. Including
dummies and Instrumentation, the vehicles weighed approximately 4700
Ibs. Control of the vehicles along the Impact course was accom-
plished by a remote operator following 200 feet behind the test
vehicle in a control car equipped with a tone transmission system,

A trip line in the path of the test car was used to cut off Its
fgnition 10 feet prior to impact, The brakes were not applled before
or during impact. A more complete description of the remote control
equipment is contained in Reference 4,

A 1961 Velkswagen was used for one of the tests. |t was steered and
braked by remote contro! from a follow car as in the other two tests;
however, it was Incapable of accelerating to 60 mph under Its own
power within the conflnes of the test site, Therefore, a cable tow
system was devised to pull the VW into the barrier, The cable was
extended from the VW to two ground mounted pulleys near the barrler,
back to a pulley attached to the rear of a tow car golng In the
opposite direction, then to & deadman anchor near the other two
ground mounted pulleys.,: This reverse tow system provided a mechani-
cal advantage of two. Trip wires were rigged to release the cable
from the VW a few feet in front of the barrier. A more complete
description and some photographs of thls system are Included as
Appendix A, _ .

Test Dummy‘

One anthropometric dummy was placed in the driver's position. This
165 1b, dummy, representing a 50th percentile male, was restrained
with a conventional lap belt. Another, larger anthropometric dummy
wefghing 210 Ibs. and representing a 95th percentile male was placed
on the passenger side of the front seat for one of the tests., See
Plate 1, page 8, for the location and descriptlon of the instrumenta-

tlon on the dummies.

Photograghic Coverage

A1l the tests were recorded with high speed (250- 400 frames per
second) Photosonic motor-driven cameras which were manually actuated
from a central control console. These cameras were located on the
ground on both sides of the barrier and on a 30 ft. high light
standard directiy_abovg-the barrter., Ground cameras included closeup
views -and over=-all views. Scotchcal tape "butterfly' targets on the
side of the vehicle were used for data -reduction of the movies with

a Vanguard Motion Analyzer. :

www . fastio.com
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Another Photosonlc camera was located in the rear of the vehlcle to
film the movement of the dummy; floodlights were placed within the
vehicle passenger compartment for illumination. This camera was
started by means of a pin actuated switch' on the rear bumper of the
test vehlcle after the test vehicle had traveled approximately 50
feet toward the barrier, ' :

A motor driven Hulcher camera wlith a speed of approximately 20

frames per second was located on scaffolding and provided documen=-
tary coverage of the tests., A ground mounted high-speed camera and

a normal-speed camera were hand panned through impact. Stlll photos,
siides, and documentary movles were taken of the test barrler and
vehicle,: - o :

Some of the Photosonlc cameras were provided with a 1000 cycle per
second timing light generator that impressed red-orange plps on the
edge of the fllm. These pips were then counted on the Motion
-Analyzer to determine the exact frame rates of the cameras .

FIVe tape switches were placed at precise ten foot intervals on the
vehicle path forward of the polint of Iimpact and were actuated by the
approaching test vehlicle, The last tape switch was placed so that

the vehicle passed over It colncldent with initial impact of the
barrier, Tire contact with each tape switch triggered one of a

serifes of five flashbulbs located In view of most of the data cameras.
These flashbulbs provided event correlation between all stationary
cameras; they were also used' to compute Impact veloclty of the vehicle
using the film analyzer:’

Flashbulbs mounted on the rear fenders of the test vehlcle were
Installed to establish vehicle location and the time at which the
brakes were appllied If this became necessary. They also served to
alert the control car driver that the test car's brakes had been
applied. These flashbulbs were fired when the brake actuating relay
was pulsed by the remote operator or if the remote radio equipment
falled,

Data Acquisitlon and Processlng

-Four acce!erometers ‘were mounted on' the drlver dummy, four acceler-
ometers were mounted on the vehicle,and one seat belt transducer was
. used on the driver dummy's lap belt. See Plate 1, page 8, for the
" location and. description of this Instrumentation, Transducer infor-
mation was transmitted from the crash vehicle to a 14 channel Hewlett
Packard 3924 magnetic tape system through two Belden #8728 cables in
Test 241 and one Belden #8776 umbilical cable iIn Tests. 242 and 243,
The stgnals from three strain gages on the bridge approach guardrail
were also transmitted by cable to the tape recorder for Test 24]
(Plate 2, page 9). The Statham accelerometers used were all of the
unboended llnear stratn gage type.

“Tapeswltches were - located In the vehlicle path at a distance of
~2'-6' (to record the approximate time of impact) and 22'-6" in front
-of the point of impact on the barrier nose. The front and rear
wheels of the vehlc¢le activated these switches., Thls caused an
"event marker' slgna! to be recorded along wlth the accelerometer

ClihPDF - wyw.faslio.com
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data on the tape recorder, A third air hose type switch was mounted
along the front of the bumper of the vehicle to record the time of
impact. Concurrently, a 100 millisecond time cycle was recorded on.
the tape recorder. S

After the test, the data on the tape was played back through a Visi-
corder which produced an oscillographic trace (line) on paper. Each
paper record. contalned an accelerometer data trace, the front and
rear wheel event marker trace, and the 100 millisecond time cycle
trace (see Appendix E). R

For Test 241, the tape recorder playback was reduced from the
recording speed by a ratio of 8 to 1, Theoretically, this produced
an "unfiltered" trace with a frequency response of 8 times 270 or
2160 Hertz subject to the limitations of the accelerometers and the
rest of the recording system. A "filtered' trace was also obtained
from the Visicorder using the tape recorder playback speed reduction
of 8 to 1 and a Krohn-Hite filter for an effective filtration rate

of 100 Hertz. This filtering is an integration process which removes
the high frequency spikes of acceleration and produces a smoothed out
curve, The filtered traces were easier to compare and to use for
data reduction than the unfiltered traces. They also gave a better
over-all record of the motion of the dummy and vehicle. The high
frequency spikes on the unfiltered records were assumed to be rela-
tively insignificant as related to the over-all motion of the vehjcle,

After the data from Test 241 had been filtered, there.was a mal- _
function of the Krohn-Hite filter so.the method of Visicorder playback
was changed to process data from Tests 242 and 243, The magnetic tape
playback speed reduction was kept at an 8 to .l ratio but a Brush
orange dot galvanometer with a frequency response of 100 Hertz was
used to obtain an "unfiltered' record of the impact signal resulting
in an effective response of 800 Hertz., A Brush brown dot galvanom-
eter with a frequency response of 22 Hertz was then used to obtain

an effective response of 176 Hertz on the ''filtered" records.

However, this vehicular deceleration data filtered at 176 Hertz in
Tests 242 and 243 proved to be toc unwieldly for numerical work so a
""hand filtered" Tine was superimposed on it, This eliminated the

high frequency spikes and permitted the computation of the maximum
deceleration values given in the test results. Copies of the filtered
records of impact data for all the tests are contained in Appendix E.

www . fastio.com
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Plate 1
CALIFORNIA DIVISION OF HIGHWAYS
VEHICLE INSTRUMENTATION

€ Wheel Axle
; 165 |b
. C )
Dumm
@ 9?81 gwit)ch
E-\VW Transduceryy A odge
- \h { - *h - - € Car
18 20 - 2101b.
X _Jﬁ Dummy

E-Dodge N ——>

Front of
Car

«— 38" _ Vehicle C.G.

f——— 42" VW ——
le——— 64" Dodge —+

Tests 241 & 243

{Dodge) :

CHANNEL NO. LOCATION? DESCRIPTION
1 C Longitudinal accelerometer - head.
2 C Lateral accelerometer - head.
3 € Vertical accelerometer - head.
4 C Longitudinal accelerometer - chest.
5 A Longitudinal accelerometer.
6 A Lateral accelerometer.
7 E Longitudinal accelerometer.
8 E Lateral accelerometer. _
9 C Seat belt transducer - lap belt.
13 L Event switch mounted across front bumper.

E Impact-0-Graph with mechanical stylus.
Test 242
(Voikswagen) R

1 C Longitudinal accelerometer - head.
2 C Vertical accelerometer - head.
3 C Lateral accelerometer - head.
4 € Longitudinal accelerometer - chest.
5 A Longitudinal accelerometer.
6 E Longitudinal accelerometer.
7 A Lateral accelerometer.
8 E .Lateral accelerometer.
9 C Seat belt transducer - lap belt.

Note:

! A and E on vehicle floor; € on back of dummy's chest cavity

and back of dummy's head cavity.

ClibPD www . fastio.com
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PLATE 2

BARRIER INSTRUMENTATION

/Edga of Pavement

IOI_OII
Ignition Cutoff Trip Line

.

»

Type 8 Bridééfuil o
Approach € For ’

Crash Vehicle \
~ .

———=— Camera Tower .
) | 0 . Strain Ga?e
[Typ
N Two Event Marker | | — . . L
Tapeswitches @ 20-0'
. . . P ches @ || ol'=0" gt \Edg'a‘of Pavement
Five Flashbulb Tapeswitches @ I107-0"cc El'l s o . .
. - TEST 241}
—Edge ‘of Pavement
= g
. Q
Approach € For R ——/Segmenf of Concrete
Crash Vahicle \ | ” New Jersey Barrier
- Jop | @ _
- | 15
. _t
_ : 0]
3 Insirumeniation Event -
Marker Tapeswitches@lO'ﬂ YEdga of Pavement
Five Flashbulb Tapeswi 100" ¢ [ -3 |
ive Flashbulb Tapeswitches @ 0" ec ogt 25'-3 2'-dJ'-
TEST 242
. Edge of Pavement
. @'-0" Shoulder) ™

- 5‘!

= (a9 - §
. Camera Tower—__._,_‘e [ o~ ‘ - : Y5 o E;frc Flashbulb Topeswitch
_//) OO0

. Ignitien Cutoff Trip Line
15
. ] ’ : . Approach €& For
Type 8 Bridgerail 2'-{7' 263" / l Crash Vehicle
Edge of Pavemant /
8 fap;
R 0, 1]
r T eny
Fiy, 7

—
{0'-0" Shoulder}

' - L - TEST 243
'LEBEND " ’ o v h )

® -5train gage on top ° surface of upper and lower rails, 8 in, behind nose of bridgerail - total 3
~Barrels with nominal wt. of sand in hundreds of pounds,
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V. DESCRIPTION OF TEST BARRIER

introduction

The test barrler for Test 24) was composed of an array of frangible
plastic barrels containing varied amounts of sand and was placed In
front of a Callfornia Type 8 Bridge Approach Guardrail (BAGR - see
Figure 1 and Exhibtits 1 and 2), Deceleration of the impacting
vehicle was obtained through a transfer of momentum from the vehicle
to the sand, The foamed plastic used for the barrels was frangible
so the sand was relatively unconfined when the modules were sub-
Jected to an impact-type load. Thus the barrier deslign was based
on the conservation of momentum with adjustments so that standard
barrel sizes could be used. The over-all barrier length for the
first test was 21%%, An additional 1' gap was left between the rear
of the barrter and the nose of the BAGR to provide some additional
deceleration distance and to minimize the accumulation of sand
agalnst the BAGR which would provide a ramp for the vehicle,

FIGURE 1

Barrier Module

Several components were used to construct each barrel (Figure 2}.
Frangible, high density polyethylene plastic was used as the barrel

ClibPDE - www fastio.com
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material and a thin flexlble plastic was used for the lids. A
round plastic.-disc was available to.place at the bottem of the
barrel on soft ground; however, it was unnecessary:for the test -
barrier. An interlocking ‘group of ‘seven polystyrene (plastie)
boards served as a core to support the sand at the proper helght
in the barrel, Covering the .core was a thin,; hard, clrcular,
htgh Impact polystyrene (plastic) disc. A flexible clear plastic
clrcular seal with upturned edges was seated on top of the disc
to prevent the sand from spilling down to the ground. The sand
was poured Into the barrel tc obtain the desired weight and then
a 11d was riveted to the barrel In three or four places. Core
helghts avallable from the manufacturer permitted nominal sand
weights (based on a sand density of 100 pecf) of 200, L0OO, 700,
and 1400 1bs.: a full barre! (with mo core) contained 2100 1bs,
of sand., The barrels holding 1400 and 2100 1bs, of sand were 3'
in diameter and 3' high; all other barrels were 3' dlameter and
2'_6” h'gh. . . e

# BOTTON DISG -~ -
ON SOFT
GROUND ONLY} © |

- BARREL COMPCNENTS

FIGURE 2

www . fastio.com
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‘Barrier Design

R .
¥

The barrier was constructed using -barrels containing 400 1bs. of
sand at the nose and 2100 1b. barrels at the rear (see Exhibit I
and Figures 3 and 4). This mass gradation was designed to obtain
a relatively uniform rate of deceleration during impacts: The
barrier had a width of 3" {one barrel) at the nose and was tapered
out to a width.-of 9' (three barrels) at the rear. :

FIGURE &4

FIGURE 3

‘Simulated shoulder lines were placed 10 ft. off the left side of
the barrier and four feet off the right side as measured at the
last row of barrels. These dimensions represented a four lane
freeway with a two lane off ramp as per the California Division
of Highways' Planning Manual, The simulated gore area was 23!
wide at this point. See Appendix B and Appendix C for instruc-
tions on installing the barrier and for notes on the assembly of
-the test barriers. e :

T
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VI. TEST RESULTS
Test 241

Test Vehicle

A 1968 Dodge sedan weighling L4690 pounds was used as the test

vehlcle. The 4690 pounds Included the 165 pound dummy placed In

the driver's seat and the 210 pound dummy placed on the passenger

side of the front seat. Both dummies were restratned with lap

> belts, The left front door and the gas tank were both removed
prior to the test,

Vehlcle Behavior and Damage

See Plate 3, page 16, for a summary of the test results, The
vehicle, traveling 58 mph, Impacted the barrier head=on about one
foot to the left of the nose and plowed through the entire barrier
(Figures 5 and 6), About 3-4 feet In front of the bridge railing,
it ramped up on barrier debris and came to rest on the bridge rail
Just in front of the camera tower, 24! behind the nose of the
barrier. As it ramped up, It tilted sharply in a counterclockwise
direction, since. the left front wheel was off the bridge rail, and
almest turned over (Figure 7) before returning te its final posi-
tion. The left rear fender was flush with the ground when the
vehlicle came to rest, g - :

* FIGURE 5 _ FIGURE 6

FIGURE 7

ClibPDF - www .fastio.com
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Damage was confined malnly to the front end. Maximum stgnificant
crush at the center of the vehlicle forestructure was 1'-8", The
crush was falrly uniform across the front of the vehicle but
sTightly less on the left side (see Figure 8 and Exhibit 3). The
lower frame member, bumper, and front fenders were all severely
buckled and the radiator was shoved back agalnst the engine. On
the passenger side, the front windshield was cracked where the sun
visor came down and was struck by the dummy's head. No crimp In
the roof over the doorpost was observed, The doorpost on the
driver's slde was torn loose from its roof connection and dis-
placed back %', Immedliately after Iimpact, the hood flew open.
However, It sustained no damage, mainly because the level of the
heod was higher than the 2'=6" high barrels at the nose of the
barrier.

FIGURE 8

Barrier Damégg

Most of the broken foam plastic core pieces stayed under the
vehicle., No lids were broken. However, all the 11ds were
detached from the barrels. and severa)l were displaced a consider=

‘able dlstance. Broken barrel fragments did not travel far; four

barrets along the right‘side of the barrier were mostly intact.
They had been shoved sideways and tipped over, spilling sand out
rather than ‘“exploding’. It appeared that most of the barrier
resistance came from the left two-thirds of the barrier. Other
than lids, little debris flew outside the ‘‘edge of pavement'' lines
except for some sand whlch extended -6 feet Into traffic lanes on
each side, beslide the original barrier loacation on the right stde
and 10-15 feet beyond it on the left side (see Plate 4, page 17).
The last one or two rows of barrels did not shatter but leaned and
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compressed against the bridge rail and then fractured. These barrel
pieces, plus the sand which was intermixed, piled up in front of the
bridge rail! and provided a ramp for the car to climb up on the
bridge rail, The broken plastic core pieces were small and mixed
into the sand; hence, the sand did not appear sultable for reuse
without sifting. Most of these fragments remained In the debris
under the vehicle; however, many pieces on top of the pile, being
light, were scattered quickly as the wind blew., This condition
could pose a psychological hazard to drivers on an adjacent traveled
way as they tried to dodge the pifeces and widespread litter near the
gore area.

Dummy Behavior

No damage to the dummies was observed; however, the dummy on the
passenger side struck his head on the sun visor which In turn
cracked the windshield. Steerung whee!l deformation was 2%''; the

instrumentation Results

The accelerometer records were cut off about 200 milliseconds after
impact on some of the channels when equipment In the test vehicle
broke loose., It appeared, however, that in most cases the main
pulse of the deceleration was recorded before the interruption.
Using Vistcorder traces filtered at 100 Hertz, the maximum average
values of deceleration were as follows:

1. Vehicle - longitudinal - highest 50 ms avg.
(1 accelerometer - Location E)} 10,7 G's

2, Dummy driver - head - highest 50 ms avg. i, :
(resultant of long. -and vert. acce!eromgters) 25.2 G's

A maximum lap belt load of 990 Ibs, was recorded with the seat belt
force transducer. Thus, the total load on the dummz was well below
the 5000 1b, maximum permitted by federal standards The tubular
steel bridge approach guardrails sustalned stresses of 3240, 3620,
and 6120 psi == not excessive values, The highest 40 ms average
vehicular longitudinai deceleration was 11.7 G's, just under the
maximum value of 12 G's recommended by the Federal Highway Adminis-
tration®, .Records from the longitudinal and lateral accelerometers
placed at the center of gravity of the vehicle (Location A) were
cut off “just before the main peak about 200 ms after impact°

The Gadd Severity Index was computed using longitudinal and
vertical deceleration components of motion from accelerometers in
the head of the dummy. For the highest 50 ms, the number was com-
puted to be 185, This 'is well below the critical value of 1000.
(See Part Vit, Discussion, for an analysis of this Instrumentation
data; see Appendix E for the accelerometer and Impact-O~Graph
records and graphs of the vehicular motion based on the film data).
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Test 2542

Barrier Description

The test barrier consisted of 17 plastic barrels filled with varied
amounts of sand ranging from 200 1lbs, at the nose of the barrier to
1400 1bs, at the rear (see Exhiblt 1| and Figures 9 and 10). The
black tape on the barrels shows the bottom level of sand In the
barrels, or top and bottom levels In the front barrels., The above
welghts are nominal for an assumed sand density of 100 pcf. Since
it was determined that the actual {(moist) sand density for Test

241 was onty 80 pcf, sand that had been run through a dryer just
prior to dellvery was used for Test 242, This sand had a higher
density of 88 pcf at a moisture content of 0.4%, The plastic
barre! components were all identlcal to those used for Test 241,

FIGURE 9 FIGURE 10

The barrier was lengthened from 21' {(Test 241) to 24' (nominal)
and the barrel welghts were decreased at the nose to provide a
softer Iimpact, Also, the rear barrels were changed from 2100 1ibs,
to 1400 1bs. and the vold space at the rear increased from 1' to
2' In an attempt to lessen the bulldup of sand and debris against
the fixed object which had caused ramping in Test 241. A section
of New Jersey concrete median barrier was used as the fixed object
Instead of the bridge rail) because of the location of the ground
anchors for the cable tow system used in this test.
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Cotton sash cord was threaded through two small holes in the 1id

of each barrel, The cord was continuous through all 17 1lids and
was tied to the camera tower to prevent the lids from sailing

onto the traveled way after impact as had occurred during Test 241,

Test Vehicle

A 1940 1b, 1957 Volkswagen sedan was used for the test vehlicle,
The 1940 1b, weight Included a 165 1b, dummy which was restrained
in the driver's seat with a lap belt, the gas tank filled with
water, the spare tire (in front), and all the equipment used for
radio control, The left door was replaced with a small steel
channel brace so the action of the dummy could be recorded by the
cameras. See Appendix A for a description of the tow system used
to pull the VW,

Vehlcle Behavior and Damage

See Plate 5, page 22, for a summary of the test results. The VW
hit the barrler nose head-on about 9" to the left of the barrler
center line at an impact velocity of 59 mph, The vehicle came to
rest 19' beyond the nose of the barrier with all Its wheels on the

ground {(Figures 11 and 12)., During Impact there was a 1'-4" rise
at the rear of the vehicle (measured at a target on the right rear
fender).

FIGURE 11 FIGURE 12

The front trunk 11d remained closed and was moderately buckled, as
were the front fenders. Maximum crush at the forestructure was

ClibPDF - www .fastio.com


http://www.fastio.com/

ClibPD

=20~

only 8" (see Exhibit 3 and Figure 13), The entire windshleld
popped out due to the impact from the dummy's head,.

FIGURE 13

Barrier Damage

Plate 6, page 23, shows the location of the barrier debris. A
small number of barrel core pieces were under the VYW but there was
no other debris under or behind 1t, There was no debris outside
the 10’ shoulder line but a small amount extended 9' beyond the &'
shoulder line. There was no sand covering the front of the VW,
Very little debris was found beyond the back of the barrter. The
lids all remained attached to the cotton rope and were clustered
near the rear of the barrter. At least nine of the barrels were
totally destroyed; four or five barrels were compressed but
unbroken so they could have been reused; however, some of thelr
ifnner foam plastic cores were crushed; three barrels were undamaged
and undisturbed, The compressed barrels had moved forward during
impact; it fs unknown whether they could have been dragged on the
ground and repositioned without breaking the plastlic barrels and
cores or spilling the sand.

Dummy Behavior

The dﬁmmy's forehead, moderately scuffed where it hit the wind-

shield, was covered with small particles of Imbedded glass. |In
addition to forcing out the windshield, the dummy's head left a
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small dent in the relatively stiff dashboard., There was no steering
wheel in place due to the remote steering apparatus; hence, no
steering wheel deformation measurement could be taken. The substi-
tution of a small pulley for the standard VW steering wheel may have
contributed to the excessive forward motion of the dummy.

Instrumentation Results

The highest average values of'decelération, based on filtered Visi-
corder traces, were as follows: :

1. Vehicle - longitudinal - highest SO;ms avg.
(2 accelerometers) ‘ , 8.7 G's

2, Dummy driver - head - highest 50 ms avg.
(resuitant of long., lat.,, and vert.
accelerometers at the same times after impact) 44,0 G's

Vehicular lateral decelerations (2 accelerometers) were about 2 G's
maximum for 5 ms with one ms ringing spikes of 8-10 G's, The seat
belt force transducer was finoperable, The Gadd Severity Index was
computed to be 1280, significantly greater than the critlical value
of 1000, o

See Appendix E for accelerometer and |Impact-O-Graph records and
graphs of vehicular motion based on film data. See Section VII,
Discussion, for a discussion of the instrumentation results,
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Test 243

Barrier Description

The test barrier had the same size, number, and configuration of
barrels as was used for Test 242 (Figures 14-16). As In Test 242,
the sand was dried prior to delivery and had a density of 89.2 pef
at a moisture content of 0.8%.

Lids were attached to the barrels with four equidistant pop-rivets
according to the manufacturer's directions. Three extra rivets

were added in a short row next to one of these four rivets. This
row of rivets was randomly located and was not on the same side of
all the barrels. |t was hoped that these extra rivets would provide
a hinge effect and minimize the wide scattering of lids that
occurred during Test 241.

FIGURE 14 FIGURE 16

Test Vehicle

A 4770 1b. 1968 Dodge sedan was used as the test vehicle. The
vehicle weight included a 165 1b. dummy restrained in the driver's
seat with a lap belt, the water-filled gas tank, and all the radio
control equipment.

Vehicle Behavior and Damage

See Plate 7, page 27, for a summary of the test results. The

crash vehicle hit the nose of the barrier about a foot to the right
of the planned point of impact at a speed of 57 mph and angle of
15° with the barrier axis. It ramped up midway into the barrier
and continued on over and through it, narrowly passed by the right
corner of the Type 8 bridge approach guardrall nose, and stopped
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with the rear of the vehicle even with the last row of barrels in
the barrier. |t came to rest with all wheels on the ground on a
thin layer of sand (Figures 17 and 18).

FIRURE 17 FIGURE 18

Damage to the vehicle forestructure was quite severe (Figure 19).
The front end, including fenders, was uniformly crushed back
against the engine. The maximum crush was 1'-9" (Exhibit 3). The
engine was not displaced. The lower longitudinal front frame
members and the bumper were sharply buckled down to the ground and
back against the front wheels. The hood was undamaged due to the
relatively low 30" height of the first four rows of barrels. A
crimp in the roof was observed on the driver's side above the door-
post. The rest of the car including the windshield, was undamaged.

FIGURE 19
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Barrier Damage

Four barrels remained standing at the rear corner of the barrler.
0f these, only two were undamaged. Large amounts of debris were
scattered to the front and right front of the crash vehicle, some
of which extended about 20' to the right of the &' shoulder line
and across the traffic lane (see Plate 8, page 28). The right .
front corner of the vehicle projected about 3' into the traffic
lane; the right rear was about 1' inside the shoulder line.

The barrel lids were thrown far ahead of the vehicle, as much as
67-70 feet beyond the back of the barrier; however, only 3-4 lids
landed in the traffic lanes. One landed 26' to the left of the
10' shoulder line. The extra rivets on the lids did not appear
to have any beneficial effect. This may have been due, in part,
to the lack of a washer on the rivet inside the barrel, a physi-
cally impossible condition. Therefore, the rivets had negllglbie
resistance to the pullout forces generated by the impact.

Iarge‘collect;on of broken foam core pleces were found under
the crash vehicle and many other pieces were thrown beyond the
vehicle. These latter pieces were immediately blown freely about
by a moderate wind and could have posed a psychological hazard
had they been blowing across traffic lanes.

Dummy Behavior

There were no mafks on the head of the dummy. The steering wheel
was deformed on its lower side about 2-3/4" maximum out of its
original plane.  The collapsiblée steering column was jammed In
0.75" . SR : I

Instrumentation Results -

The highest average values of deceleration were as follows:
1. Vehicle - longitudinal-highest 50 ms avg. 7.9 G's

2. Dummy driver - Head - highesf 50 ms avg.
(resultant of long., lat., and vert. accelerometers} 34 G's

The seat belt force transducer had a maximum reading of 600 1bs.
Vehicular lateral decelerations (2 accelerometers) were about

3 G's max. for 5 ms wlth ! ms splkes up to 10 G's. The Gadd
Severlity Index was 580 ’ PR S

See Appendlix E for accelerometer and Impacﬁ 0-Graph records and
graphs of vehicular motion based on f:lm ‘data. See Section VII,
Discuss:on, for addltlonal comments on these 1nstrumentatton

results. L P
SRR



http://www.fastio.com/

Plate 7

N_. m—ﬂ._.__mm U_umm_& #0 oy

n€-,52 Yadag uejaueg
Iieq denq Iuleaissy Awuwng
asou ,54 9|6uy 3oedu
ydu /g (°A) A3ps09, 3oedu
AcomumucoE=;umc“
k4 >Essv\3w
"SqL 0Ly 34Biapn 9oy ysy
3bpag g9g) , MEITEN
0/61 ‘4z asquaideg 3s9) jo a3eq
13 ¥4 "ON 2s9j

08s Anmmc‘m.>EE=ov Xopu| A3jasasg Ppey
$:9 g*2 (sdueys)p m:hanoumv
n0=,6€ = s auaym sez = ,% wo

Peseq anjea *bay o Uolleasanag 4€najysp
5,9 67/ 21424 9/t ‘paodag
4833Wo4sie00e . +fap TSW 09 3sayby

- Uojjeuspasag Ivawilieduoy 413buassey

nb=, ®4n3ona3sadog je Voljeudoyag ABIND1YSp wnujxey

n0-,6¢ IUswiaeduoy 49b6usssey . 9due3syq Uoijeus|aoag

Impact + 0,343 Sec.

Impact + 8.880 Sec.

om

@)
~
O

WAV fas

b PDFE -



http://www.fastio.com/

¢be 183l

NYVHOVIQ NOILVOO1 si¥83d

ajo1yan papuatut 30 yubs o}

paysonbs ing f1ybudn |

‘auijaajudd yooouddo

100} | 491140Q NONNS ajo1yeA ‘¢

‘U0 11145 SPY YA
LS 2} 8 9 'pl ‘1 sianod 2

adpys Jo {no
'§2440g JO MOJ }SDI 1D painsDaw Yipim WBpNoUS G ‘puim Agq SUOLIDRIIP no u
‘paysijousap SDM Ja4400] S2}DIPUL X CTN Y _ umo|q $8091d 2107 WDO} uayoiq ‘jlows Kuow 1
v X/ @ . 15 310N
)
9'
L0-01 =1 JIVOS 1+
o N
au1] Japinoys 0-0l -
0-St " +
9"

[0e] | Se—— puinip |
-1 .
w pubg jo Jako7] 2 O I 1
i : R
b N2 __E_Eu:oJ
a. Jeuiog X/ x..\_,rm\.,m 14 x_ yooouddy 96pYA
'pupg puop $3331d 134408 uayoig |\ S = —
"33\ JO uoind0T 1outd Q @ a
ap9 19pun s@33ld \ @ 8ul7 J8p|noyg = AHV
2107 WOOY UsN0IG Auppy \ ... '
o CLIVE s
o
i+

www . fastio.com

ClibhPDF -


http://www.fastio.com/

-29f_

VII. DISCUSSION

Summary of Test Parameters-

Test Vehlcle:

I;em © Test 241 Test 242 " Test 243

. Make _ 1968 Dodge 1957 VW 1968 Dodge
ﬂ ' sedan sedan . sedan
Welght -~ 4630 1bs. 1940 1bs, 4770 1bs.
Impact Velocitf | ' 58 mph 59 mph 57 mph
Type of Impact " Head-on Head-on Nose, 15° angle

with barrier
centeriine

Dummy Restraint Lap belt Lap belt Lap belt

Test Barr!er

Nominal Length 21! 25! 25!

Space between Barrier

and Fixed Object | , 2! _ 2!

Number of Cylinders 15 _ 17 17
Nominal Welght of ' :
Cylinders 400-2100 1bs. 200-1400 1bs, 200-1400 1bs.
Density of Sand ) 80 pef 88 pef B 89 pef

Vghicular Deceleration

The records of vehicular longltudinal deceleration for Test 242
contalined four distinct pulses spaced about 50 milliseconds apart.
All were in the 10 G range with valleys of about 5 G's (see Appendix
E). This pulsing occurred. as the vehicle went from one row of :
barrels to the next, The over=all shape of the deceleration data
indicated that this barrier configuration (Test 242) was better than
that used for Test 241 {a row of 2- 700 1b, barrels followed by 3-
1400 1b, barrels In the midsection of the barrier). This abrupt
change In barrier mass for Test 241 coincided with the 15 G 5 ms _
vehicular deceleration which occurred as the vehicle passed the mid-
section of the barrifer (see Appendix E}), For Test 242, the .
midsection of the barrler had 2- 700 ib. barrels followed by 2« 1400
1b, barrels and then by 3- 1400 1b, barrels ~- a smoother transition
of mass which was reflected in the deceleration data. The 200 b,
barrels at the barrier nose in Test 242 helped to soften the impact
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of the VW, but even so the VW déceierated faster than the Dodges in

Tests 241 and 243,

The vehicular longltudinal decelerations- for Test 243 were falrly
constant at 7-9 G's with several maln pulses and were similar In
magnitude and shape to those for Test 242, thus showlng that the
barrier configuration, which was Identlcal for both tests, had a
similar effect on cars.with different welghts. The deceleration
pulse was decaying as the vehicle passed through the last two rows
of 1400 1b, barrels; thus It appeared that these tast rows had
already been set In motion by the time the vehicle passed through
them and, therefore, had a low decelerative effect. The vehicle had
a vélocity of about 14 mph as It penetrated the last row of barrels;
hence, the barrier did not have enough mass and/or width to stop a
4770 1b, vehicle Impacting near the nose at 15° and 57 mph.

A summary of the vehicular passenger compartment highest 50 ms
average deceleratlons measured during each test is shown in Table |
below, (The lateral decelerations measured were negligible so only
the longlitudinal decelerations are presented here.)
TABLE 1
Vehicular Decelerations

Highest 50 millisecond average values

Test " of longltudinal deceleration In G's
241 (ome accelerometer) : ‘! 10.7
242_(average of two accelerometers) | 8.7
243 (average of two accelerometers) 7.9

The severlity of these decelerations can be interpreted by comparing
them with the recommended 200 ms deceleratlion tolerance 1limits
proposed by Cornell®, These Cornel) timits, which were 5 G's, 10
G's, and 25 G's for unrestrained, lap belted, and fully restrained
occupants, define what would be, In the opinion of the researchers,
a survivable environment under almost all circumstances when applied
to a 50°'ms time Interval. Thus the vehicular passenger compartment
decélerations in the longltudinal direction were judged acceptable
for restrained passengers. Only In Test 241 did the computed value
s11ghtly exceed the maximum value of 10 G's for lap belted passen-
gers. However, unrestrained passendgers or lap-belted passengers in
a passenger compartment with unylelding surfaces could not be
furnished wlth simiiar protection by the barrler without greatly
increasing the length of the barrier. Nevertheless, these more
vulnerable passengers would experience decelerations well below
those that would be experienced during collisions with a fixed

object 7'. '

The vehicular deceleraticns were also under the value of 12 G's for
the highest 40 ms period, a criterion established by the Federal
Highway Administration®,
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Computed values of the Gadd Severity Index indicate that in one
test, Test 242, the dummy driver might have suffered fatal head
Injuries., Therefore, acceptable vehicular decelerations, based on
the criteria described above, do not automatically confer immunity
to fatal injuries. ' '

The unfiltered and filtered records of vehicular longitudinal decel-
eration showed less ringing for Test 242 with the VW than for Tests
241 and 243 with the heavier Dodges. Thismy have been due to the
softer "unitized" construction of the VW and/or the absence of a
rigid engine and other parts in the vehicle forestructure,

Decelerations - Dummy

The dummy decelerations for Test 242 were much higher than for Tests
241 and 243, A comparison of the vehicle velocities at the time
after impact when head decelerations were maximum indicated that the
VW was traveling about 46 ft. per second and the Dodges about 51 f¢t.
per second; hence, the relative dummy head velocity was 15% higher
in the VW if the head was still traveling at an absolute velocity of
85 ft., per second, the average impact velocity of the cars. This
would account for some of the difference. The harder Interior
surfaces impacted in the VW were probably mainly responsible for the
higher head deceleration, '

Gadd Sevér?ty Index-

Longitudinal, lateral, and vertical components of deceleration from
the dummy's head were vectorially combined at identical times after
impact (at successive 0.0025 second increments) to obtain resultant
values of deceleration. Then the Gadd Severity Indeii/’EZ'a 2.54¢>

' t1
was computed over the 50 millisecond perfod with the highest average
resultant values of head deceleration using 20 successive time
fntervals with dt = 0.0025 sec, Table il, below, contains a summary
of the Severity indices calculated for the tests reported herein:

TABLE 1)

- fladd Severity lIndex

Test Number Gadd Severity index
241 S §:1
242 | N 1280
243 | | 580
Recommended Tolerance Limit 10@0

The Gadd Severfity Index of 1280 in Test 242 indicated that even a

lap=-belt restrained passenger probably would have suffered fatal

head injuries if his head struck the windshieid frame as vieolently
as did the head of the dummy. This high number was not surprising
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in that the head of the dummy broke the windshield and forced It
entirely out of the car, then went on to make a dent near the small
radlius edge of the unpadded stiff metal dashboard, The steering
wheel had been removed to accommodate the remote steering apparatus.
If It had been In place, it might have minimized the impact severity
when the dummy struck the dash; however, a front seat passenger,
with no steering wheel in front of him, might normally Iimpact the
dash like the dummy driver did. This reinforces the idea that the
injuries sustalned by the vehlcle occupants In a 60 mph collision
with an energy absorbing barrier are dependent on the Impact protec~-
tion provided by the vehicle fnterior surfaces If ejection does not
occur and both a lap belt and a shoulder harness are not in use,

See Appendix D for a dliscussion of this Severity Index and the
tolerance of the human head to deceleration.

Debris

In all tests, the foam plastic core materlal that supported the sand
in the barrels was brokeén into small pleces. This material did not
tand In the traveled way Inlitially, except after the angular impact
in Test 243; however, the pleces were so light that the slightest
breeze blew them all over the test site. I!f this material was used
in operational barrier installations, It could pose a severe litter
and maintenance problem after barrier Impacts. In addition, thls
material could create a psychological hazard to nearby motorists,
even though It Is lightweight and harmless.

The barrel 1llds were another source of debris, After Impact, they
salled through the alr for distances up to 100 feet. Most of them
stayed in the gore area during the head-on Impacts but the few
which landed in the traveled way posed a potential psycheological
hazard for nearby motorists, In Test 242, the cotton sash cord

‘which was threaded continuously through all the lids and anchored

at the rear of the barrier proved to be an effective method of
keeping all the 1ids in the gore area. However, the cord gave the
barrier a slightly less desirable appearance.

Broken barrel pieces and sand were mostly contained In the gore
area except during the angular Impact of Test 243, In Tests 24}
and 243 the Dodges tended to ramp over that debris, especlally so
itn Test 241 where-the rear of the barrier .was only 12" from the
bridge approach guardrafil, The VW did not ramp up because of the
sloping forestructure of the vehlicle; which tended to nose under
the sand In the front barrels of the barrier.

The debris scattered In the traveled way after an angular impact
such as Test 243 appears to be one presently unsolved drawback of
this barrier.

Barrier Dimenslons

The test barriers were close to the minimum length required to pro-
vide reasonable safety for restralned passengers in vehicle
impacting at 60 mph, based on the Instrumentation data results.

The barrier could be increased in length to provide a softer Impact;
however, this would remove possible recovery area. Site conditlons
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would partially govern the decision regarding optimum barrier length,
Initial and maintenance costs would vary with the length of the
barrier.

Redirection

In all the tests, including Test 243 which involved an angular
impact, the vehicle was not redirected but continued on a straight
course after impacting the barrier.,

Sand Density

The sand used in the barrels was sampled during barrier construction.
Subsequent test results indicated that the density was significantly
lower than the nominal 100 pef unit weight assumed by the manufac~-

~turer, as can be seen in Table ili, below:

TABLE 111

Sand Density

Density Water Content
Manufacturer 100 pcf (assumed) Unspecified
Test No. 241 80 pcf 7.6%
Test Nﬁ. 242 | 88 pcf* 0. 4%
Test No., 243 89 pcf* 0,8%x*

#Sand was run through a dryér just before deliverya"A

Reference 10 gives the general range of unit weights for dry, loose
sand as 90-100 pcf, and for damp loose sand as 85-95 pcf. Thus, the
sand used for the barriers tested fell just below the lower end of
the normal weight range. Reference 10 also contains graphs showing
how sand volume increases by 15 to 35% (max.) for coarse to fine
sand, respectively, with moisture contents from 0-20%,

It was concluded that it would probably be too bothersome and an
added expense to have sand dried for operational barriers. The
added weight of the dried sand would not change the effectiveness

of the barrier significantly; however, it is well to realize that
sand density is a variable factor and that if sand with a density

of 100 pcf was used in a barrier, the performance could differ some-
what from that reported herein. :

Aesthetics

This barrier presents a low, relatively uniform shape. The barrels
can be ordered In bright or dark colors. Care should be taken to
provide @ level site so that the barrels will not lean at random
anglies, For those who do objfect to the imposition of bright cylin~
drical shapes on the streamiined highway profile, a cover for the
entire barrier might be desirable, Any cover selected should be a
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weather resistant, taut, filexibie material and should not inhibit
the free movement of the 'sand during impacts. Material wrapped
around the sides would be preferable to a complete cover until full
scale tests of barriers with covered tops are conducted,

Accident Experience-

Acclident reports from Lonnecticut indicate that fifteen In-service
barriers -were lmpacted'sixteen'tfmesa. In thirteen cases, the
vehicle was driven away before accidepnt information could be
gathered. Several of these impacts were nuisance hits. However,

it was reported that the barrier may have prevented an impending
collisfion with a fixed object In many of these cases, The three
remaining reported accidents were all serfous, yet In all cases the
drivers received only minor injuries and it was clear that the
barrier prevented a calamitous crash intéo the fixed object. One of
these crashes, which occurred during wintertime, resulted in the
vehicle ramping somewhat and rolling off to the side of the barrier.
This undesirable vehicle behavior was attributed, for the most part,
to the fact that the sand was frozen. Thus a sand-salt mixture has
been recommended for barriers placed in locations susceptible to
temperatures:below 32° F,

The manufacturer repdrted in December 1970 that there were 102
barrier installations in 18 states and Canadal!, There had been 37
fmpacts of the barrier at speeds up to 65 mph with no "injurles",
and the probablility that several lives were saved according to the
accident reports, |In 80% of these impacts, the vehicle was driven
away and the accident was not reported. About 10% of the crashes
were head-on intc the barrier; the remainder were sideswipes or
angular collls!ons.

Design Consideratlons

¥

‘Barrier size and’ configuration must be selected for each site. The

barrier configuration will depend on (1) the width of fixed object
to be shielded, (2) the predicted speed and angle of the impacting
vehicles, and (3) the avatlable space in the gore, shoulders, and
traffic lanes. The presence of curbs and guardrafils may also affect

‘the design. A curb immediately in front of the barrier nose could

adversely affect the barrier performance because the vehicle may
vault over the curb, thus preventing the vehicle from Impacting the

- modules at the Optimum height for vehicle stabiliity and uniform
“deceleration., Such a curb should be removed.

'Thé width of the back qu of modules should always be greater than

the width of the fixed object. This will soften the impacts of
those vehicles striking the rear portion of the barrier at an angle
and provide some deceleration prior to striking the corners, if
any, of the fixed object. The barrier modules should be set back
from the traffic lanes to minimize the number of casual vehicular
contactswith the barrier and the amount of debris thrown into the
traveled way when an impact does occur, Alsc, space should be

left behind the last row of modules so the sand and debris will not
be confined and inérease the ramping effect of the vehicle.
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The lower foot of sand in the 2100 lb. modules provides additional
mass as a backup for the front of the barrier. However, the
velocity of the vehicle at the time it makes direct contact with
the back row of the barrier is not sufficient to explosively dis-
place this sand. Consequently, it Is displaced very little and
thus tends to form a ramp. The use of 1400 lb. modules in place
of 2100 'h. modules ‘in the last row would therefore be desirable
to eliminate this relatively ineffective lower foot of sand.

When fixed objects are more than 6' wide, extra longitudinal rows
of modules may be added to the barrier. The first few modules in

. each of these rows should be no more than 3' apart (clear dimension)
in the lateral direction. Then impacting vehicles, most of which
have an average width of 6', will displace approximately the same
mass of sand whether they hit one longitudinal row of modules head-
on or carry away one half of each row on either side. Depending on
available space, modules may be separated by any distance in the
longitudinal direction. Extra distance will lower the deceleration
rates.

A recent report (Reference 3) stated that some nonimpact failures
of these cores had occurred when they were placed on sloped gore
areas. The failures occurred only when the strong axis of the core
material was perpendicular to the cross slope and consisted of
collapse of the core.

To prevent this, the strong axis of the foam plastic core blocks
should be placed parallel to the cross slope to prevent collapse of
the core due to barrel movement down the cross slope induced by
traffic vibrations. Also, the manufacturer is studying new core
block configurations and new core materials. |t might prove
advisable to enclose cores made of light, crushable foam plastic
with a flexible fine-mesh bag to limit their scatter after a
barrier impact.

[f placed 'in climates subject to temperatures below 32° F, the
addition of at least 5% road salt to the sand should be specified
to preclude solidification of the moist sand.

The barrier site should have a relatively uniform slope so the
barrels will not lean at unaesthetfc, random angles. A paved
surface is ideal. The maximum lateral slope of the gore area
should be 5%. The bottoms of the barrels can be cut off at an
angle with @ saw so they will stand vertically; however, this must
be done carefully to maintaln a good appearance. '

Snow at the barrier site should be plowed away from or beyond the
gore area to maintain barrier effectiveness.

A thin wire or rope may be threaded continuously through all module
lids and anchored to the ground at the rear of the barrier to
minimize dispersal of 1ids during impact (Test 242).

A recommended minimum optimum barrier length would be 21' to 24',.
This length provides survivable deceleration levels for 60 mph
impacts without taking away excessive recovery area for errant
vehicles.
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Implementation

Two Fitch barriers have been installed, on a trial basis, on
Callifornia state highways to date, Several additlonal trial
‘Installations are planned for the near future. Additional barrliers
will be Installed, on a trial basis, at those locations that appear

to be well sufted to the use of a low (first) cost, nonred!rectlng
energy absorbing barrier.
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APPENDIX A

‘Volkswagen Tow System = VW

The Volkswagen was incapable of accelerating to 60 mph under its
own power within the confines of the test site. Thus, the VW was
steered and braked by radio control from a follow vehicle, as was
done In the other two tests; however, a cable tow system was
devised to accelerate the VW,

The equipment for this tow system included the following:

1. A puiley was mounted on top of each of two concrete anchors
cast In the ground, The anchors were 2'-6" in diameter and
5'-0'" deep and strengthened with a reinforcing steel cage.

" The ductile iron pulleys were 12 inches in diameter and had
Timken bearings; a 1%' pin diameter, and a groove for 5/16“
'wire rope (Figure A-1).

2, A pulley like those described in '"1'" above was attached to
the back of a 1968 Dodge which was used as the tow vehicle
(Figure A-2). A1l three pulleys had guides to keep the cable
from jamming or slipp?ng out of the pulley groove,

]

3. A pintle hook was mounted on a third cast-in-place concrete

anchor to act as a deadman (Figure A-3),

L, A pintle hook was also attached to the front end of the VW
(Figure A-4),

5. The tow cable used was preformed, 5/16" wire rope with an
independent wire rope core. The cable was 1100 feet long.
Two loops of wire about 1/8" in diameter were used as a weak
Tink at each end of the cable to attach it to the pintle
hooks on the VW and the deadman anchor.

6. Wire rope 3/16" in diameter was used as a tether line to

release the trigger on the pintlie hook of the VW about 20°'

in front of the first ground pulley and to release the pintle
hook trigger at the deadman when the VW was about 10' in front
of the first ground pulley. The first tether Tine was tied at
its other end to a iong bolt driven into the asphalt concrete
runway and the second tether 1ine was tied at its other end to
the tow vehicle., Both tether lines had weak lTinks at their
attachment to the pintie hooks which consisted of three loops
of twine. The runway was cleared of all projecting nails,
rocks, etc. to prevent the tetheér lines from snagging and
prematurely releasing the pintle hook triggers.

The numerous weak Tinks were provided in case the cable jammed or
other maifunctions occurred in the system,

The reverse tow system that was used enabled the tow vehicle to
travel at half the speed of the VW. These two vehicles ran on
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diverging lines, rather than parallel, as an added safety factor
(see Plate A-1, following page). A trial and error method was
necessary in order to select weak links for the cables that would
sustain normal loads during the test and yet fall when the load
was increased moderately.

A linear actuator was used on the tow vehicle accelerator to keep
the acceleration smooth and constant and to insure an impact
velocity of the VW near 60 mph based on trial runs which were
used to calibrate the actuator.

R s kb -

= S
L LIFORNIA

FIGURE A-3 FIGURE A-4
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APPENDIX B

A, Instructions for the Asgsembly and installation of Barriers

LI

2,

6,
7.
8.

Site preparation. Level the ground, eliminate soft ground
if possibie, and locate the barrier outline.

Assemble barrels, They 'are shipped nested together in
semi-circular halves. Hold longitudinal edges of two
halves together and rivet with a hand gun. Use a washer
on each rivet, '

Place the back row of barrels in position. Leave a one-
fnch clearance between them for ease in placing 1ids.
tnsert a circular disc at the bottom if barrel is on soft
ground. Fill barrels with sand If these are 2100 1b,
units. Spray paint can be used around the bottom of the
barrels for future reference if they have to be replaced
after a vehicle impact. The nominal weight of sand to

be placed in the drum can also be noted with paint or the
pavement., ,

Assemble cores, discs, and seals for one transverse row of
barrels at a time. For all barrels other than 2100 1b,
units, the proper foam plastic core support blocks must be
selected, assembled, and placed in the bottom of the barrel,
A circular hard plastic disc and a flexibie clear plastic

'seal go on top of the core,

Place sand to the depth required for the bredeterm?ned
weight. Sand density should be checked. Adjust barrier
design If less than 85 pcf.

Thread continuous rope through all 1ids, if desired.

Attach 17ds. Rivet 1ids around the edge at four locations,

Place, assembie, and fill the next row of barrels as above
and continue for each row out to the nose of the barrier..

NOTE: The barrel halves should be stored on end to preveﬁt
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APPENDIX C

Notes on Assembly of the Test Barrier

Test 241,
Fifteen barrels were used., |t took two men about two hours to
rivet the barrel halves together. |t took a crew of three men

two hours to place the barrels, assemble the cores, place the
sand, and rlvet the 1ids oen, The complete operation, then, took
about 10 man-hours. The men were completely inexperienced and
probably used more time than an experienced crew would requlire.

The sand (about ten tons) was delivered in one large dump truck
which had a small gullliotine type opening in the middle of the
tallgate (see Flgure C-1), The truck was positioned for each
barrel, the truck bed ralised, and the sand guided through the
narrow tallgate opening. Two men moved sand fn the truck bed
and the thlrd man spread the flowing sand evenly in the barrel,
There was virtually no spillage of sand with this method

FIGURE C-1

The truck required a considerable distance iIn front of the barrier
for maneuvering and backing., Assembly and placement of the cores,
discs, and seals were hampered by a stiff breeze which made han-
dling of the large area-light discs and cores difficult,
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Test 242

The assembly procedure was similar to that used for Test 241,
Total time required to assemble the barrier was about 1! man-hours,
The sand was dried prior to delivery for this test in order to
achieve a higher density., It flowed more easily from the dump
truck into the barrels than the wetter sand used for Test 241;
however, there was a great deal of dust and steam generated (the
sand was stit]l quite hot) which was obnoxious. There was a lfittle
more spillage than In Test 241 because the sand was so dry. In
addition, the.sand leaked through the plastic seals in several
places unti! a shovel was chucked up and down in the sand to seal
the holes,

Test 243

Construction of the barrier was accompiished in the same manner as
for Tests 241 and 242, The work crew observed that there was less
steam from the dried sand than for Test 242; however, they still
had some trouble with the sand l'eaking through small gaps between
the flexible plastic seals and the sides of the barrels, Assembly
time was about the same as for Tests 241 and 242, t,e., 10-11
man-hours.
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APPENDIX D

Head Deceleration Tolerance

Accelerometers were placed in the head of the dummy driver for all
three tests in an effort to acquire some data, In addition to pas-
senger compartment -deceleration, that would give some indications
of the chance of passenger survival of the Impacts. The reasons
for using this ftnstrumentation were based on several references,
the summarlies of which follow: :

Reference 9, Paper.660803, describedfa study of 150 accldents
involving 223 vehicles, with 374 motorlsts, 239 of whom had. a

total of 496 ''significant' 1njurifes. In all cases, the motorist
compartment remained intact and the injuries were sustained Insfide -
a late model passenger vehicle. It included passengers in atl

seat locations, all types of collislions and speeds of 0-60 mph

with most from 10-40 mph, The head, neck, and face accounted for
53%2 of the 496 significant Injurles, more than any other area of
the body.

The areas struck by the vehicle occupants, in order of descending
frequency, were the steering wheel column, instrument panel, wind-
shield, and doors, all of which could. cause head injuries, plus
several other areas with a relatively low frequency rate, Other
studies have produced similar conclusions.

Reference 12 describes tests w!th the heads of animals and cadavers
that led to the deceleration tolerance curve shown on Figure D=1,
below, This curve [s based on a reversible concussion with no
after effects., The 42 €& asymptote was considered conservative
because of the hard, unylelding surface used In testing. An 80 G
limit was suggested lf adequate paddtng Is used on the area to be
impacted.

300
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EFFECTIVE ACCELERATION IN 6'S

0

0 20 40 60 80 100 120 140 160" 180 200
DURATION OF EFFECTIVE ACCELERATION IN MILLISECONDS

IMPACT ACCELERATION-TIME TOLERANCE FOR THE HUMAN BRAIN IN
FOREHEAD IMPACTS AGAINST PLANE UNYIELDING SURFACES

FIGURE D-1
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This work was the apparent basis for the Federal Vehlcle Safety
Standard requiring that a head form traveling at a relative velocity
of 15 mph shall not exceed a deceleration of 80 G's continuously for
more than 3 milllseconds when striking an instrument panel, There-
fore, an energy absorbing barrier should decelerate a vehicle at a
rate such that the relative veloclty of a passenger's head will not
be greater than 15 mph at the time of the secondary collision of the
head with the vehicle intertlor,

Another paper describes a means of evaluating head impacts proposed
by Charles Gadd of the G. M. Research Laboratories and called the
Gadd Severlty Index?,

This index was developed after a study of the measurement of head
injuries. A transducer was needed whose output was closely related
to the mechanism of injury., The research group chose accelerometers,
placed on the back side of the head, as the most practical, and,
indirectly, a relatively good method for comparison with the most
relfable research to date dealing with internal head injury, i.e.,
impact to the forehead that caused concussion.

It was concluded that peak acceleration did not relate directly to
fnjury but -rather that "injufy 'was some-function 6f .both lintensity
of loading and fts time duration' because the head Is nelther
totally viscous nor totally brittle in fts failure mode. Also
observed was the fact that the limited number of deceleration toler-
ance studies available on men and animals all showed that tolerance

- to any given "G" level was in an Inverse proportion to the duration

of the deceleration., Therefore, no limiting "G" level could be
chosen as a ''‘criterion for the threshold of injury".

It was found that a straight line approximation on a log-log plot of
deceleration magnitude with time provided a fairly good approximation
of head injury severlity over a range of between approximately one and
fifty milliseconds.

Because the ifnverse of the slope of this line corresponded
numerically with a simple exponential weighting factor, the injury
threshold was defined as a single number. This exponential weighting
technique thus takes into account the fact that the .more intensive

decelerations contribute to the injury severity to a disproportion-
ately great degree. Thus, the following expression was developed:

- '
Sl-_fza“dt

ty
a = accéleration
t, = beginning of pulse
t, = end.of pulse

n = 2,5 for head injuries
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This expression can be used for various types of injury by varying
the exponent (n). (n the case for frontal head infury, with accelier-
ometers on the head, the exponent was chosen as 2.5 and the limit on
the Severity index as 1000, The value of 2.5 was based primarily on
the slope of the Wayne State University animal impact data repre-
senting dangerous concussion, but the Eiband - NASA curve has a
similar slope. The selection of 1000 agrees with the NASA curve if
square pulses are integrated, for example, 100 G's for 0,01 seconds,
and it agrees with the Wayne State data if the irregular pulses

from the original oscillograms are Integrated,

Use of the Severity Index reduces differences in judgment which arise
with interpretation of acceleration pulises which may have ringing,
sharp spikes, and other irregular shapes.

Depressed Skull Fracture

Reference 13, G. M. Seminar (1968), Papers #8 and #9. These papers
add some fnsight into head injuries., Head injuries are classified in
three broad categories:

1. Concussion -~ closed skull damage to the soft brain tissue --
called blunt object impact or inertial loading. This is a
serious type and is the type mentioned above where the head
I's shown capable of resisting 80 G decelerations or a Severity
Index under 1000, . '

2, Laceration =-- cuts, tears, bruises to the soft tissue (hard,
sharp object impact). This type would be much less likely
to cause loss of 1ife,

3. Depressed skull fracture -- (small contact area fimpacts).
This is also a serfous type -- considered to be hazardous
with the onset of bone fracture.

Addittonal tests have been reported wherein a weight with one square
inch of contact area was used to measure the strength of three areas
of the skull. The resulits of this research indicated that even with
a Severity Index Tess than 1000, if the contact area is less than
one square inch, then serfous head injury is possible. Thus, as was
the case when evaluating Impact severity using only passenger com-
partment decelerations, very severe injuries can be sustained during
impacts rated as relatively mild in many instances.
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APPENDIX E

Instrumentation Data

The following pages contain selected instrumentation data from
all three tests reported herein,

The records that showed deceleration of the vehicular passenger
compartment in Tests 242 and 243 were filtered -at 176 Hertz and
contained many high frequency spikes. The records were difficult
to use for numerical computations so curves were falred in by hand
over the filtered traces. Only these ''hand faired' curves are
shown on the attached plates. Numerical computations were then
based on these faired-in curves,

The lTocation of the accelerometers in the vehicular passenger
compartment, Locations A and E, are shown more precisely on
Plate 1, page 8. ' '

Accelercometers with a longitudinal orientation measured motion
along the horizontal longitudinal axis of the test vehicle and
those with a lateral orientation measured motion on a horizontal
line perpendicular to the long axis of the vehicle. Accelerom-
eters in the dummy were oriented similarly; however, they changed
their orientation with respect to the vehicle axés when the dummy
pivoted in an arc about its waist during impact.
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